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Abstract
Background: Precise patient positioning and thus precise positioning of the planning target volume (PTV) is
a prerequisite for effective treatment in percutaneous radiation therapy. Conventional imaging modalities used
to ensure exact positioning for treatment typically involve additional radiation exposure of the patient. A
different approach to patient alignment without additional exposure is provided by optical 3D surface scanning
and registration systems.
Methods: We investigated two systems (Catalyst and AlignRT), which allowed us to generate and
validate surface images of 50 patients undergoing irradiation on a Tomotherapy system. We compared the
positions proposed by these two surface imaging systems (SIS) with the actual adjustments in patient positions
made on the basis of Megavoltage CT scans. With the two SIS, the surface of every single patient was
repeatedly recorded throughout treatment. In addition, we performed a systematic analysis of both systems
using a body phantom.
Results: At least 10 surface images were available from each patient included in the analysis. The large
number of patients allowed us to subdivide the study population into three groups by body region treated:
head & neck, chest, and pelvic. The results for each of these three body regions were separately analyzed.
Thus, the focus of our investigation is on body regions registered with the two systems rather than tumor
entities. For AlignRT, for instance, we found an improvement in positioning for the Pelvic region of 0.9mm
in 75% and 6.4mm in 95% of the collected data in comparison to conventional marker alignment.
Conclusions: The two systems were most accurate in the head & neck region, where conventional mask
alignment is already sufficiently accurate. The other two body regions, pelvic and chest, might benefit from
positioning by SIS. But for both systems there is still a need for improvement to reduce statistical variation.
Keywords: patient positioning; Tomotherapy (Accuray); Catalyst (C-Rad); AlignRT (VisionRT)
1 Introduction
Optimal delivery of radiotherapy crucially depends on ac-
curate and reproducible positioning of the patient over sev-
eral fractionated irradiations. The margins around the clin-
ical target volume (CTV) define the extent of the planning
target volume (PTV). The margins should take all geomet-
ric variations and inaccuracies into account, especially pa-
tient positioning uncertainties [1]. External patient align-
ment and internal organ motion with respect to healthy
tissue both contribute to the total positioning uncertainty.
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The use of high-precision techniques such as intensity-
modulated radiotherapy (IMRT), volume-modulated arc
therapy (VMAT), and helical Tomotherapy allow precise
dose prescription and planning. Such precise irradiation
techniques place high demands on the reproducibility of
patient positioning for serial irradiations.
Proper patient positioning can be verified by a number
of methods of varying sophistication. These methods may
include the use of external markers and diverse MeV and
keV x-ray systems with planar or computerized volumetric
image acquisition. After implant of radio-opaque seeds pla-
nar as well as computerized image acquisition systems are
able to verify both, patient setup and target structure. The
daily or frequent use of these systems, however, leads to an
additional radiation exposure of normal tissue. The typical
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treatment of cancer patients consists of 25 to 40 radiother-
apy fractions. This means that the extra radiation exposure
resulting from the use of these positioning systems is no
longer negligible and becomes more of a concern the more
irradiations a patient receives.
Positioning patients without harming intact tissue is the
rationale for the development of new approaches not re-
quiring ionizing radiation, for example, ultrasound systems
[2] or optical surface matching systems [3, 4, 5, 6, 7, 8].
The approach of ALIGNRT [7, 8] and CATALYST use a
three-dimensional optical scan of the body surface for ver-
ification of the patient’s position. This surface scan will be
compared with the optimal (e.g., from a reference scan or
a surface reconstruction from the planning CT scan) posi-
tion. Deviations in all dimensions are calculated through
body surface comparison but not for the target volume. The
present study evaluates the accuracy of the calculated devi-
ations. Both surface imaging systems (SIS) were mounted
on a helical Tomotherapy radiation system for simultane-
ous use in the same patients. The systems use different
techniques for image acquisition and registration.
2 Surface Imaging Systems (SIS)
The two SIS compared in this study are mounted on the
Tomotherapy irradiation system (ACCURAY, Madision,
USA). The Tomotherapy device can acquire a CT scan of
the patient with a de-tuned radiation energy of 3.5 MeV
[9], abbreviated in the following as MVCT. An MVCT of
a patient positioned for treatment can be compared with
the planning CT scan to directly match the patient’s inter-
nal contours. The Tomotherapy device comprises a High-
Performance Couch, which can be moved with an accuracy
and precision in submillimeter range.
Figure 1 - Setup of the SIS in the Tomotherapy treatment
room. The two SIS are attached to the ceiling of the room.
The Catalyst scanner is mounted directly in front of the
Tomotherapy gantry. The two scanners of the AlignRT are at
the ceiling to the right and left of the couch.
2.1 Concept
The basic approach of all SIS is the generation of a 3D
patient surface using an optical scanner unit. The three-
dimensional coordinates of each image point are deter-
mined by triangulation [10]. The 3D surface can be com-
pared with a reference surface. For patient treatment in per-
cutaneous radiotherapy the reference surface can be cur-
rently the external body contour of the planning CT scan
(external CT reference) [11], generated by a planning sys-
tem, or a recorded image of the SIS (internal optical ref-
erence). The purpose of comparing the 3D patient surface
with the reference surface (known as registration) is to cal-
culate the geometric shifts from the recorded surface to the
reference. Hence, it is important for users to know which
type of reference will ensure optimal registration. After
registration the SIS computes geometrical adjustments to
align the recorded 3D surface to the reference. In general,
these shifts include translational (lateral ∆x, longitudinal
∆y and vertical ∆z) and rotational (angles φ around x-axis,
ϑ around y-axis and γ around z-axis) values.
2.2 AlignRT
The AlignRT is marketed by VISIONRT (London, UK)
and, in the version installed at our facility, basically con-
sists of two scanner units. Figure 1 shows the setup of the
scanners (denoted by red lines) in the Tomotherapy treat-
ment room. They are mounted at the ceiling to the right and
left of the Tomotherapy couch. Each of the two scanners
includes several components (stereoscopic camera, speckle
projector, texture camera, light flash) [12]. In combination
with the light flash, the texture camera captures a gray-scale
image of the patient. This gray-scale image only provides
visual information for the relevant scan region [13]. The
3D surface is directly captured by the stereoscopic camera
over (passive) triangulation [14, 15]. For improved trian-
gulation, a pseudorandom gray-scale pattern is projected
(speckle projector) onto the patient to reduce incorrect re-
flections [16]. The field of view from a single scanner unit
does not fully capture the patient surface. Due to the ge-
ometric constellation [7] the patient himself conceals the
missing surface. For this reason, the second scanner unit
captures the patient surface from another angle. The two
surfaces from both scanner units are merged by software
to produce a nearly complete 3D surface of the patient.
Figure 2 shows an example of a 3D surface recorded by
AlignRT. This surface can then be used for registration. The
AlignRT system uses a rigid registration algorithm, which
means that the patient body is regarded as a rigid system.
2.3 Catalyst
The Catalyst system, from C-RAD (Uppsala, Sweden),
consist only of a single scanner unit. Figure 1 shows the
setup of the scanner in the Tomotherapy treatment room
Wiencierz et al. Page 3 of 9
Figure 2 - Examples of 3D surfaces. All surfaces were
generated from the same patient. The surface shown on the
left was generated by contouring a CT scan. The surface in
the center was generated by Align RT and the surface on the
right by Catalyst.
(denoted by a yellow line). It is mounted at the ceiling di-
rectly in front of the Tomotherapy gantry. The scanner in-
cludes a single CMOS camera and a structured light pro-
jector. The principle of 3D surface capturing (detailed de-
scription in [17]) differs from AlignRT. By the projection of
a stripe pattern onto the patient’s surface the triangulation
is here considered to be active. The dispersion of the pro-
jected pattern on the patient is detected by the camera. Fig-
ure 2 shows an example of a 3D surface generated by Cata-
lyst. This surface can then be used for registration. The Cat-
alyst system uses a non-rigid registration algorithm. This
non-rigid algorithm can detect local deformations in the
captured surface. This extra information maximizes the re-
gion of overlap [18]. An additional feature is that the de-
tected deformation is directly projected onto the patient’s
surface and can assist in adjusting the position.
3 Phantom Measurement
The phantom measurements were performed using an
Alderson Radiation Therapy phantom (RSD, Long Beach,
USA). The Alderson phantom was precisely aligned on the
couch. With well-defined displacements of the couch both
SIS should validate these displacements. Due to the use
of both reference modes (external CT and internal optical
reference) this validation procedure was performed twice.
These checks were intended to expose possible systematic
errors in contouring, data export (between Tomotherapy
planning system and SIS), and alignment.
3.1 Systematic Procedure
In detail, we used an MVCT to determine the exact po-
sition of the Alderson phantom in relation to the external
CT reference. At this stage, we also captured the internal
optical references from both systems to create a sustain-
able comparison. The well-defined couch displacements
were applied separately for the x- , y- and z-dimension.
The range of displacements in y- and z-dimension was
[−50mm;50mm]; whereat the couch was displaced in
discrete steps (mm) of y,z ∈ {±50,±35,±25,±20,±15,
±10,±5,0}. Due to the couch limitations in x-dimension,
the displacement range was [−25mm,25mm], with equidis-
tant steps of 5 mm. At each of these couch displacements
the surface of the Alderson phantom was captured and reg-
istered with the internal optical reference of both systems.
The registration of these surfaces with the external CT ref-
erence was performed later, in the postprocessing mode.
The aberration of SIS registration arising from couch dis-
placement is calculated as the difference of the proposed
deviation of the SIS and the adjusted couch deviation. The
results are presented for each dimension in x, y and z. How-
ever, we are only interested in the absolute aberration and
not in directional dependence in one dimension. With this
approach, we can dispense an averaging of the results near
zero in the statistical analysis. The distribution of the re-
sults received from the internal optical reference is denoted
by |∆C(~r)| (Catalyst) and |∆A(~r)| (AlignRT) in capital let-
ters, whereat~r = (x,y,z). The notation for the results with
use of the external CT reference is in lowercase letters to
identify the SIS (|∆c(~r)| and |∆a(~r)|).
A look at Figure 2 illustrates the different surface recording
coverage of the two SIS. For this reason, both SIS were an-
alyzed by an angle coverage investigation. This was done
by placing a cylinder-shaped phantom (GAMMEX, Middle-
ton, USA) with equidistant markers on the curved surface
on the couch. The curved surface was captured by both SIS
for the angles φ and ϑ . Using the markers on the phantom
surface, we could estimate the angle coverage for surface
capturing.
3.2 Results
Figure 3 presents boxplots of all distributions. Because we
only considered absolute values, our results are not nor-
mally distributed. Hence, only the deviations above the me-
dian are significant. The corresponding statistical parame-
ters - median M, the 75th percentile P75 (upper quartile in
boxplot), the 90th percentile P90, and the 95th percentile
Table 1 Listings of the statistical percentiles - median M, P75,
P90 and P95 - of the value distributions. Distributions for use of an
internal optical reference |∆C| and |∆A| are labeled with uppercase
letters; the lowercase letters indicate distributions |∆c| and |∆a|
obtained with use of a reference image from an external CT scan.
Distribution M (mm) P75 (mm) P90 (mm) P95 (mm)
|∆C(x)| 0.3 0.5 0.6 0.8
|∆C(y)| 0.6 0.9 1.2 1.2
|∆C(z)| 0.4 0.5 0.8 0.8
|∆A(x)| 0.1 0.2 0.4 0.4
|∆A(y)| 0.1 0.2 0.3 0.4
|∆A(z)| 0.1 0.2 0.4 0.6
|∆c(x)| 0.8 1.1 1.3 1.4
|∆c(y)| 0.5 0.7 1.1 1.2
|∆c(z)| 0.3 0.5 0.6 0.7
|∆a(x)| 0.1 0.2 0.3 0.3
|∆a(y)| 0.2 0.4 0.6 0.6
|∆a(z)| 0.1 0.2 0.6 1.1
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Figure 3 - Boxplot of the distributions derived from phantom measurements. The distributions obtained using a SIS image as
reference are labeled with uppercase letters. The lowercase letters indicate distributions obtained using a reference image from the
planning CT scan.
P95 - are presented in Table 1. For a feasible clinical appli-
cability of the two SIS, the last two percentiles permit to
estimate the maximum variation of the distributions with-
out statistical outliers [1].
The accuracy in positioning from all distributions is
in median value M below 1 mm. With the exception of
|∆C(y)|, |∆c(x)|, |∆c(y)| and |∆a(z)| the accuracy in po-
sitioning is even in P95 below 1 mm. The high value for
|∆a(z)| in P95 can, however, be explained by the larger
number of outliers in this distribution, while the other per-
centiles exhibit moderate values. These results are in the
same range as those reported in [13] and [19]. Overall, our
phantom measurements reveal lower values for AlignRT.
The comparison of the two reference types did not reveal
any true advantage of either of the two for positioning.
The angle coverage investigation confirms our assumption
that AlignRT offers extended coverage. For coverage by
Catalyst we found values of φC ≈ 150 ◦ and ϑC ≈ 120 ◦,
whereas AlignRT yielded values of φA ≈ 150 ◦ and ϑA ≈
220 ◦. The extended coverage in the range of ϑ is definitely
attributable to the use of a second camera in the AlignRT.
4 Clinical Evaluation
Both SIS were tested under clinical conditions. But the sur-
face registration systems were not be used in the current
study as medical products according to § 3 Abs. 1 Mediz-
inproduktegesetz – MPG. However, the proposed results
of SIS registration were not used to actually modify patient
positioning for radiotherapy. Informed consent was there-
fore not required for this retrospective study. In detail, pa-
tients were setup in align position using signed markers. At
this stage, both SIS captured the 3D surface of the patient
and provide proposal shifts by registration with the external
CT reference to adjust the patient in correct position. The
software of both SIS enables registration of the captured
3D surface with the internal optical reference in postpro-
cessing mode. Therefore, both types of reference were used
for registration. The patient align position is checked by an
MVCT scan. Patient adjustment µ(~r) from align to treat-
ment position based on MVCT is performed by a radiation
therapist with more than five years of experience. These ad-
justment results, µ(~r), were recorded for every treatment.
The notations for the distributions in the clinical evalua-
tion, where an internal optical image serves as reverence,
differs from those used for the phantom experiments. The
following expressions are defined:
∆A(~r) = |A(~r)−µ(~r)| , (1)
∆C(~r) = |C(~r)−µ(~r)| . (2)
C(~r) and A(~r) are the shifts proposed by the SIS on the
basis of the internal optical reference. The shifts µ(~r) are
derived from the MVCT scan and were applied to make ad-
justments in patient position when moving the patient from
align to treatment position. Hence, ∆C(~r) and ∆A(~r) are the
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final aberrations calculated for the two SIS with use of an
internal optical image as reference.
Unfortunately, patient position and shape differ between
the diagnostic CT scanner and treatment unit due to dif-
ferent equipment and patient comfort. This situation, how-
ever, does not affect radiation treatment since, with use
of MVCT scans only the internal structures were matched
with the CT scan to ensure the ideal patient position for
treatment. To estimate the patient setup error between the
images acquired in the CT (used as external reference) and
the actual patient position in the Tomotherapy, we averaged
the first three registration results and subtracted this av-
erage from subsequent registrations. This approach means
that the shifts proposed by the SIS must first be corrected
by
a3(~r) =
1
3
·
3
∑
i=1
ai(~r), c3(~r) =
1
3
·
3
∑
i=1
ci(~r). (3)
The correction values, c3(~r) for Catalyst and a3(~r) for
AlignRT, are determined individually for each patient. Fi-
nally, aberrations were calculated using the following ex-
pressions:
∆a(~r) =
∣∣∣a(~r)−a3(~r)−µ(~r)∣∣∣ , (4)
∆c(~r) =
∣∣∣c(~r)− c3(~r)−µ(~r)∣∣∣ . (5)
As in the previous section, the aberrations in registration
from external CT reference ∆c(~r) for Catalyst and ∆a(~r)
for AlignRT are denoted by lowercase letters.
Table 2 Listings of the statistical percentiles - median M, P75,
P90 and P95 - of the value distributions. Distributions for use of
an internal optical reference ∆C and ∆A are labeled with
uppercase letters; the lowercase letters indicate distributions ∆c
and ∆a obtained with use of a reference image from an external
CT scan. The three distributions of µ describe the mismatch
between the align position, which is indicated by markers, and the
treatment position.
Distribution M (mm) P75 (mm) P90 (mm) P95 (mm)
∆C(x) 1.1 2.0 3.0 3.5
∆C(y) 1.5 3.0 4.7 6.3
∆C(z) 1.0 1.7 2.3 2.7
∆A(x) 1.0 1.9 2.8 3.9
∆A(y) 1.4 2.1 3.3 4.0
∆A(z) 2.1 2.7 4.7 6.3
∆c(x) 1.9 3.8 6.1 8.1
∆c(y) 2.1 3.5 5.6 7.3
∆c(z) 1.5 3.4 6.7 7.6
∆a(x) 0.9 1.8 2.7 3.7
∆a(y) 1.4 2.3 3.2 3.6
∆a(z) 0.9 1.9 2.9 3.5
µ(x) 1.3 2.4 3.4 4.2
µ(y) 1.2 2.0 2.9 3.8
µ(z) 0.8 1.5 2.0 2.6
4.1 Patient Selection
During the evaluation period, 50 patients with different tu-
mor entities were treated. Thereby diverse tumor entities
are arranged in the same body region. Therefore, we de-
cided to group tumors by three body regions head & neck,
pelvic and chest. For a meaningful analysis every patient
had to satisfy the following criteria:
• The amount of captured surface must be sufficient for
meaningful registration. The area of surface captured
depends on the camera settings (individually adjusted
for every patient) and the amount of uncovered patient
skin or surface. Especially in the Pelvic region not all
patients are willing to do without coverings.
• All patients positioned using an aircast vacuum mat-
tress were excluded. Both SIS cannot distinguish be-
tween patient surface and the surface of the mattress.
This selection criterion again excluded some patients
with tumors of the pelvic region.
• To obtain enough data for statistical analysis and fur-
ther evaluation, at least ten usable surface recordings
had to be available from a patient.
After this selection procedure, 19 patients remained for
evaluation. They were distributed as follows among the
three body regions. The listing provides additional infor-
mation on the tumors treated, type of immobilization, and
other specific features.
Head & Neck: Ten patients were included for evaluation.
They had tumors in the brain, the nasopharynx, the
oropharynx, and on the skin. All patients were fixated
on the couch with individually prepared head masks
(CIVCO Posicast, Kalona, USA). These masks cover
large parts of the interesting surface for registration.
Both SIS can only capture the surface of the mask and
not that of the patient’s head.
Pelvic: Five patients were available for evaluation. Tumors
were located in the prostate, the rectum, and the pelvic
bone. For reproducible positioning the legs of all pa-
tients were aligned on a knee cushion and the feet
were fixed. These measures are taken to minimize un-
desired leg rotations during treatment and ensure a
consistent position of the pelvic region.
Chest: Four patients with chest tumors met the criteria for
inclusion. They had tumors of the lung or esophagus.
As in the head & neck group, all patients were fixated
with a head mask. However, in this group, the mask
does not cover the body surface in the area of the PTV.
4.2 Results
The results of the clinical evaluation are presented sepa-
rately for each of the three body regions investigated. The
results are displayed in boxplots in Figs. 4 – 6. The sta-
tistical parameters are presented in Tables 2 – 4. Unlike
the phantom measurements, the clinical adjustments made
µ(~r) are also listed in the tables. With the help of µ(~r) it
is possible to compare the abberations of the SIS with the
precision of the conventional marker alignment.
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Figure 4 - Boxplot of the distributions obtained for patient registration in the head & neck body region. The distributions
obtained using a SIS image as reference are labeled with uppercase letters. The lowercase letters indicate distributions obtained using
a reference image from the planning CT scan.
Head & Neck
Figure 4 and Table 2 present the results of the distribu-
tions in the body region head & neck. For registration with
the external CT reference, all distributions from Catalyst
(∆c(~r)) show above-average values in all percentiles. Fur-
thermore, in comparison to the other distributions (∆C(x)
and ∆C(z)), ∆C(y) exhibits uncommonly high values in the
P75, P90, and P95 percentiles. A similar abnormality is ap-
parent for ∆A(z) to ∆A(x) and ∆A(y) in all percentiles. The
most accurate results are provided by AlignRT when an ex-
ternal CT scan is used as reference. All distributions con-
cerned ∆a(~r) show an accuracy of P75 ≤ 2.3 mm and P95 ≤
3.7 mm. The comparison of the most accurate results from
∆a(~r) with the results of conventional marker alignment
shows an almost similar accuracy in positioning for marker
alignment. All distributions µ(~r) show an accuracy of P75
≤ 2.4 mm and P95 ≤ 4.2 mm.
Pelvic
Figure 5 and Table 3 present the results of the distributions
in the body region Pelvic. Again, both longitudinal distri-
butions of Catalyst ∆C(y) and ∆c(y) show conspicuously
high values in all percentiles. Furthermore, the values of
∆C(x) in this body region are also unusually high in all per-
centiles. Otherwise, only the distribution ∆a(z) of AlignRT
again exhibits high values in all percentiles compared with
∆a(x) and ∆a(y). In addition, the ∆A(x) and ∆c(z) distri-
butions offer high values for the P90 and P95 percentiles.
These values can be explained by a large number of outliers
in these distributions, while the P75 and P90 percentiles
show moderate values. The most accurate results are again
achieved with AlignRT using an external CT scan as ref-
erence. All distributions concerned ∆a(~r) show an accu-
racy of P75 ≤ 5.9 mm and P95 ≤ 9.8 mm. In comparison
to conventional marker alignment, ∆a(~r) clearly improves
positioning accuracy in P75 and P95. All distributions using
the body markers µ(~r) show an accuracy of P75 ≤ 6.8 mm
and P95 ≤ 16.2 mm. Similar values for positioning accu-
racy with conventional markers in prostate treatment were
reported in [20].
Chest
Figure 6 and Table 4 show the results of the distributions
in the body region chest. Only the two longitudinal distri-
butions of Catalyst show prominently high values in this
body region. These high values are found for ∆C(y) in
P75, P90 and P95 and for ∆c(y) in all percentiles. All other
distributions offer moderate values in all percentiles. The
most accurate results are again provided by AlignRT using
an external CT Scan as reference. All distributions con-
cerned ∆a(~r) show an accuracy of P75 ≤ 3.2 mm and P95
≤ 6.1 mm. Compared with conventional marker alignment,
∆a(~r) improves positioning accuracy. All distributions µ(~r)
show an accuracy of P75 ≤ 5.0 mm and P95 ≤ 8.1 mm.
All distributions for the three body regions investigated
were statistically analyzed by regarding the p-value with
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Figure 5 - Boxplot of the distributions obtained for patient registration in the pelvic body region. The distributions obtained
using a SIS image as reference are labeled with uppercase letters. The lowercase letters indicate distributions obtained using a
reference image from the planning CT scan.
the null hypothesis of randomly distributed values. Except
for ∆A(z) in the head & neck region and ∆C(x) in the
pelvic region, all distributions exhibit p-values of less than
or equal to 0.01. The probability of randomly collected val-
ues is therefore less than or equal to 1 %. These distribu-
tions can be considered to be statistically significant. The
remaining distributions could not be assigned a p-value.
5 Discussion
In both, the phantom measurements and the clinical eval-
uation, some distributions point considerable problems in
Table 3 See caption for Tab. 2.
Distribution M (mm) P75 (mm) P90 (mm) P95 (mm)
∆C(x) 4.6 8.0 11.5 12.1
∆C(y) 4.7 7.3 10.8 11.9
∆C(z) 3.3 4.4 6.9 8.1
∆A(x) 3.4 6.3 10.7 12.4
∆A(y) 2.8 4.4 6.3 7.5
∆A(z) 4.3 7.3 10.1 11.3
∆c(x) 3.8 5.8 6.6 7.9
∆c(y) 4.5 8.8 12.4 15.1
∆c(z) 3.4 5.8 7.2 11.5
∆a(x) 3.5 5.9 7.3 8.9
∆a(y) 3.9 5.7 8.6 9.8
∆a(z) 2.6 3.7 6.5 7.5
µ(x) 4.0 6.8 12.6 16.2
µ(y) 2.3 3.8 5.9 6.6
µ(z) 1.9 3.2 5.5 6.7
positioning accuracy with both SIS investigated. Conspic-
uously high values were found for the four distributions
∆A(z), ∆C(x), ∆c(x) and ∆c(z) in at least one body region.
Neither of the two SIS could not be insinuate a systematic
inaccuracy in positioning in these distributions. For the dis-
tributions ∆C(y) and ∆c(y) of Catalyst, the situation is dif-
ferent. Here ∆C(y) and ∆c(y) provide overall high values in
positioning accuracy. These results point to an inherent in-
accuracy in longitudinal positioning. This systematic inac-
curacy might result from coverage of a significantly smaller
body surface area compared with AlignRT. It is likely that
Table 4 See caption for Tab. 2.
Distribution M (mm) P75 (mm) P90 (mm) P95 (mm)
∆C(x) 2.6 3.8 5.7 7.0
∆C(y) 2.2 5.0 7.3 8.7
∆C(z) 2.5 3.1 4.7 5.5
∆A(x) 1.9 4.3 6.0 7.1
∆A(y) 2.5 4.0 6.1 7.3
∆A(z) 1.6 2.7 4.9 5.4
∆c(x) 1.9 2.9 4.4 4.9
∆c(y) 3.5 4.8 7.3 9.5
∆c(z) 2.1 2.7 5.6 5.9
∆a(x) 1.9 2.5 3.4 4.6
∆a(y) 1.1 3.2 4.8 6.1
∆a(z) 1.8 2.9 4.7 5.8
µ(x) 2.7 4.0 5.8 6.5
µ(y) 2.8 5.0 7.0 8.1
µ(z) 1.1 2.2 2.9 3.2
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Figure 6 - Boxplot of the distributions obtained for patient registration in the chest body region. The distributions obtained
using a SIS image as reference are labeled with uppercase letters. The lowercase letters indicate distributions obtained using a
reference image from the planning CT scan.
the longitudinal positioning inaccuracy affects the other re-
sults as well.
In all body regions, AlignRT in combination with an ex-
ternal CT scan as reference provides the most accurate re-
sults in positioning. Without the longitudinal error, the Cat-
alyst might provide more precise positioning results using
the same CT reference, due to the bigger surface coverage.
In general, it is wise to choose the reference that covers
the largest body surface area. However, use of the currently
available external CT reference is more time consuming
than use of the SIS internal reference, precluding its in-
tegration into clinical workflow. Additionally, the patient
setup error has to be corrected first. In the present study,
we used the average of the patient alignments of the first
three fractions. When patients begin feeling more comfort-
able and their positions become stable in the course of treat-
ment, the possibility to contour an MVCT scan (in our case)
and integrate it into the SIS for registration would improve
handling significantly.
Compared with conventional marker alignment, the SIS
improved positioning accuracy only for patients with pelvic
and chest tumors. In these cases, the body surface to be
captured is not covered, while patients with head & neck
tumors wear a head mask. The mask keeps patients in the
planning position. The patients have almost no degrees of
freedom to misalign from planning position, being fully im-
mobilized. The situation is different for patients with pelvic
or chest cancers. Here, the risk for less accurate positioning
is greater. The markers are arranged directly on the skin and
can shift with the skin. The more or less unrestrained po-
sitioning of patients for irradiation of tumors in the Pelvic
and Chest regions is a prerequisite for clinical use of SIS
in radiation treatment, especially when little use is made
of other systems such as MeV or keV systems to monitor
patient position.
6 Conclusions
Our comparison of the two SIS shows better performance
of the AlignRT, which is likely attributable to the coverage
of a larger body surface area in recording. The accuracy
of both SIS differs between the three body regions inves-
tigated. The two systems were most accurate in the head
& neck region, where conventional mask alignment is al-
ready sufficiently accurate. The other two body regions,
pelvic and chest, might benefit from positioning by SIS,
which are more accurate in these regions than conventional
marker alignment. Nevertheless, there is still a need for
improvement to reduce statistical variation. The P75 per-
centiles provide acceptable accuracies for clinical applica-
tion for most distributions of both SIS, whereas the accura-
cies for the P95 (and P90) percentiles are clearly above the
planning safety margin.
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